For health control of workers exposed to the solvents, following three factors are needed; determination of concentrations of organic solvents in the air of the workshop, the concentration of metabolites in the urine of workers as body burden, and examination for symptoms and signs appearing in workers. Ahlmark and Forssman1) gave a value of 75 mg/l for the limited level of trichloroacetic acid (TCA) in the urine of workers exposed to trichloroethylene by direct comparison between urinary TCA concentration and workers' symptoms.
At the low levels of exposure, individual body burdens for each worker can be measured from urinary concentrations of metabolites. And reverse estimation of vapor concentration in ambient air, indicating the body burden of the solvents, can be made from urinary data. Daily, weekly, and seasonal variations in the metabolic rate of each person should, of course, be taken into consideration.
In 1962, the author2) first reported the existence of positive correlation between toluene concentration in the air and hippuric acid concentration in the urine of workers as described by Pagnotte and Liberman. 3)
The author4) subsequently reported positive correlations between toluene concentration in the air and hippuric acid (HA) and between m-or p-xylene in the air and m-or p-methyl hippuric acid (m-or p-MHA) respectively, in the urine of volunteers placed in an artificial exposure chamber.
Similar results ) was obtained by estimation of HA in the urine of workers exposed to toluene6. Urine specimens were taken from workers exposed to toluene or m-xylene in a furniture factory and from people not exposed to the organic solvent. The time weighted average (TWA) of concentrations in ambient air were determined by following procedure.6)
The workers were equipped with carbon felt dosimeters and the gas chromatographic analyses for organic solvent in carbon felt was carried out. Urinary HA and MHA was analysed by high-performance liquid chromatography.7)
The concentrations of urinary metabolites were corrected for urinary specific gravity using 1.024 as a reference or for urinary creatinine concentration. Data obtained were analyzed statistically as described by Bahn.8) Data are indicated in Figs. 1-A and -B, where the levls of organic solvent vapor are shown on the abscissa and those of metabolites on the ordinate. In the data, toluene and m-xylene vapors were used as representative organic solvents to which workers were exposed and urinary HA and m-MHA were used as representative metabolites of the solvents. As urinary metabolites of workers represent the fate of inhaled organic solvents, the metabolite concentrations were considered as the effect and solvent concentrations as the cause. The distribution of metabolite concentrations (y) at a fixed concentration of solvent in air (x) is thought to be a normal or log normal distribution9) in the case of non-exposed persons. However, it would not be possible to determine the distribution of (x) at a fixed (y), as the value of x was to be selected arbitrarily.
Therefore, (x) was taken as an independent value and (y) as a dependent value for calculation of the regression line, when high correlation coefficients were shown between them. Using a regression line and its fiducial range, (95% or 70% )* the following parameters were calculated: Urine specimens for Fig. 1 were obtained from subjects exposed and not exposed to solvents.
A concentration of 1.05 g/l (UNU95) on the ordinate, indicating the upper 95% fiducial limit of urinary HA in non-exposed persons obtained from the intercept of hte fiducial line in Fig. 1-A , was used as an indicator of possible exposure of workers. The exact value of UNU95 could be calculated from a large number of urine specimens from non-exposed subjects. Hippuric acid derived from food was present in the urine of non-exposed persons in considerable amounts , while little or no methyl hippuric acid was present. Therefore, the upper confidence limit of data (UNU95) for m-MHA in normal urine was practically 0.14 g/l which was lower than the 1.05 g/l for urinary HA (Fig. 1-B) . Concentration of UNU95 for toluene was similarly calculated to be 0.54 g/g creatinine in Fig . 2 The results from A, represent 117 male subjects and those from B, 30 male subjects.
Concentrations of HA and m-MHA were correted for a urinary specific gravity of 1.024. The thick solid line ( ) is a regression line, and the thin dotted lines (----) represent 95% confidence range of the regression line. The thin solid lines ( ) and thin chain lines (----) represent 70% and 95% confidence range of individual samples respectively.
Correlation coefficient (r) and regression equation; r=0.93, y1=0.18+0.035)(1 in Fig A, and r=0 .96, y2=0.021+0.033x2 in Fig. B A. Estimation of exposed solvent concentration and its ranges:
The concentration of urinary metabolite in a worker is plotted on the Y axis (Uy) in Fig. 1-A. A parallel line is then drawn to the (x) axis through (Uy) and the crossing point (A) on the regression line is located. Two other crossing points for the lower (AL95) and upper (AU95) limits of data in Fig. 1 -A were obtained using this procedure.
The estimated values A, AL95 and AU95 were calculated to be 156, 131 and 183 ppm, respectively. B. Discriminate exposure concentration:
A parallel line is drawn to the (x) axis through the upper fiducial limit (NUNN) of normal value (x = 0) and the point crossing the lower fiducial line (30% ) of the regression equation is determined.
The value on the x axis for the crossing point (DC.30) was taken as the discriminant solvent concentration of air for exposure and non-exposure at a 30% level of error ( Fig. 1-A) . The DC,9 value for toluene was calculated to be 20 ppm and that for m-xylene was 3.2 ppm (Fig. 1-B) . Using this procedure, the DC5 value for toluene was calculated to Symbols for the regression line and its confidence ranges are the same as in Fig. 1 In this paper, the level of urinary (HA) metabolites of workers corresponding to the value of TLV (100 ppm of toluene) was calculated to be 3.7 g/l in Fig. 1-A  and 2 .4 g/g creatinine in Fig. 2 and the lower fiducial limits (UTL95) was found to be 2.85 g/l or 2.0 g/g creatinine. The biological exposure indices of urinary HA for toluene was recommended to be 2.5 g/g creatinine at the end of shift by ACGIH for 1984-1985, for references.11) It was further considered that for determination of the biological indicator, symptoms and signs of workers should be analyzed in the light of metabolite levels corresponding to the TLV (UT) and its lower fiducial limit.
